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,Q$XVWULDFURSUHVLGXHVDUHXVHGERWKWRLQFUHDVHRUJDQLFFDUERQFRQWHQWLQWRSVRLODQGIRUSURGXFWLRQRIELRIXHOV
3\URO\VLV ZKLFK LV RQH RI WKH ZLGHO\ XVHG WKHUPRFKHPLFDO FRQYHUVLRQ WHFKQRORJLHV UHIHUV WR WKH WKHUPDO
GHFRPSRVLWLRQ RI RUJDQLF FRPSRQHQWV LQ ELRPDVV LQ DQ LQHUW JDV DWPRVSKHUH DW PHGLXP WHPSHUDWXUH IRU WKH
SURGXFWLRQRIELRFKDUDQGFRQGHQVDEOHDQGQRQFRQGHQVDEOHFRPSRQHQWVLQFOXGLQJZDWHUKLJKO\R[\JHQDWHGELR
RLODQGV\QWKHVL]HGJDV%LRFKDULVDSRURXVFDUERQDFHRXVVROLGSURGXFWRIS\URO\VLVRULQFRPSOHWHFRPEXVWLRQRI
RUJDQLFPDWHULDOVVLPLODUWRFKDUFRDOEXWDOVRXWLOL]HGIRUDJULFXOWXUDODQGELRORJLFDODFWLYLWLHVDQGRUHQYLURQPHQWDO
DSSOLFDWLRQV0RQHWL'HOIDQWL0DUXFFL%HGLQL*DPEHOOD 3URWR	*DOOXFFL  3\URO\VLV GHSRO\PHUL]HV GU\
IHHGVWRFNXQGHUDQR[\JHQIUHHHQYLURQPHQW:KHQWKHS\URO\VLV WHPSHUDWXUHLVPRGHUDWHO\KLJK±&
WKHYRODWLOHVDULVHQIURPS\URO\VLVSURFHVVFDQEHFRQGHQVHGWREHFRPHDOLTXLGSURGXFWFDOOHGS\URO\VLVRLO7KH
SRWHQWLDOEHQHILWVIRUWKHHQYLURQPHQWDUHWKHUHGXFWLRQDQGVHTXHVWUDWLRQRI&2HPLVVLRQDQGIRUWKHIDUPHUVDQ
DGGLWLRQDOLQFRPHWKURXJKWKHHQHUJ\SURGXFWLRQOLNHFRDORUIRUSURGXFWLRQRIDGVRUEHQWV'HUVFK	%|KP
3\URO\VLVWHPSHUDWXUHJUHDWO\DIIHFWHGWKHELRFKDUFKDUDFWHULVWLFVLQUHODWLRQWRLWVHOHPHQWDOFRPSRVLWLRQDQGVXUIDFH
FKHPLVWU\ ELRFKDUV SURGXFHG DW ORZ WHPSHUDWXUH KDYH ORZHU YDOXHV RI S+ DQGPD\ EH VXLWDEOH WR LPSURYH WKH
IHUWLOLW\ RI KLJK S+ VRLOV LQ DULG UHJLRQV RU DPHQGPHQWV IRU DFLG VRLOV %RVFDUR 3H]]XROR *ULJRODWR &DYDOOL
0DULQHOOR	6DUWRUL'XULQJWKHS\URO\VLVWKHUDZPDWHULDODUHGHJUDGHGDWWHPSHUDWXUHEHWZHHQ±
&&RODQWRQL$OOHJULQL%RXEDNHU/RQJR'L*LDFLQWR	%LRQGL0RQDUFD&HFFKLQL&RODQWRQL	0DUXFFL
7KHWHPSHUDWXUHDWZKLFKWKHELRFKDULVSURGXFHGKDGDVLJQLILFDQWHIIHFWRQLWVSK\VLFRFKHPLFDOSURSHUWLHV
7KHORVVRIPDVVRIWKHVWDUWLQJSURGXFWGHSHQGVRQWKHYDULDWLRQRIWKHWHPSHUDWXUHDQGGXUDWLRQRIWKHFRPEXVWLRQ
SURFHVV *HQHUDOO\ WKH FKDU \LHOG GHFUHDVHV DW KLJK WHPSHUDWXUHV 6WDUWLQJ IURP WKLV EDFNJURXQG D SURSRVDO RI
H[SHULPHQWDWLRQZDVVXEPLWWHGWRWKH%5,6.SURMHFWWHFKQLFDOFRPPLWWHHDQGWKHUHIRUHDSSURYHG7KLVHQDEOHGWKH
FKDQFHWRHVWDEOLVKDFROODERUDWLRQEHWZHHQWKH8QLYHUVLW\RI7XVFLD%LRHQHUJ\*UD]DQG*UD]8QLYHUVLW\
RI7HFKQRORJ\7KHDLPRI WKLVZRUNLV WRLPSURYHWKHDFNQRZOHGJPHQWRI WKHELRFKDUJDLQHGIURPDJURIRUHVWU\
ELRPDVV UHVLGXDO IRU DOWHUQDWLYH XVH WKURXJK FKHPLFDOSK\VLFDO FKDUDFWHUL]DWLRQV 7KH HIIHFW RI WKH S\URO\VLV
SDUDPHWHUVRQWKHSURSHUWLHVRISURGXFWVZDVWKRURXJKO\LQYHVWLJDWHG
0DWHULDOVDQGPHWKRGV
2.1 Feedstock preparation 
 
7ZR ELRPDVVPDWHULDOV LQFOXGLQJ VXQIORZHU KXVN Helianthus annuus / SHOOHWV 6)+ DQG JUDSH YLQH Vitis 
vinifera / SHOOHWV *9ZHUH XVHG DV D IHHGVWRFN IRU ELRFKDU SURGXFWLRQ 7KH SHOOHWV PP LQ GLDPHWHU ZHUH
REWDLQHGIURPORFDOUHVLGXDOELRPDVV$XVWULD7KHPDWHULDOVXQGHUZHQWVXEMHFWHGWRDQXOWLPDWHFKHPLFDODQDO\VLV
EHIRUH DQG DIWHU WKH S\URO\VLV H[SHULPHQWV )LJ  LQ RUGHU WR REWDLQ GHWDLOHG LQIRUPDWLRQ DERXW FRPSRVLWLRQ RI
ELRFKDUSURGXFHGDQGWKHUHOHDVHRILQRUJDQLFVSHFLHVIURPWKHIXHOWRWKHJDVSKDVH

 
 )LJ6DPSOHKROGHUZLWK%LRPDVVLQVHUWHGLQWKHUHDFWRUOHIW/DEUHDFWRUVHWXSULJKW


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2.2 Product characterization 
&KDUDFWHUL]DWLRQ RI ELRPDVV DQG ELRFKDU LQ WHUPV RI WKH & + DQG1 FRQWHQWV ZDV GRQH LQ DFFRUGLQJ WR WKH
VWDQGDUG(1E\FRPEXVWLRQDQGVXEVHTXHQWJDVSKDVHFKURPDWRJUDSKLFDOO\VHSDUDWLRQDQGPHDVXUHPHQW LQ
DQHOHPHQWDODQDO\]HU&OFRQWHQWZDVSHUIRUPHGDFFRUGLQJWR(1DSSO\LQJDGLJHVWLRQVWHSEDVHGRQERPE
FRPEXVWLRQLQR[\JHQDQGDEVRUSWLRQLQ1D2+0IROORZHGE\DPHDVXUHPHQWE\LRQFKURPDWRJUDSK\)RU
WKHGHWHUPLQDWLRQRIWKHFRQWHQWVRIPDMRUDQGPLQRUDVKIRUPLQJHOHPHQWVH[FOXGLQJ&ODPXOWLVWHSSUHVVXUL]HG
GLJHVWLRQZLWK+12 +) +%2 IROORZHG E\PHDVXUHPHQW E\ LQGXFWLYHO\ FRXSOHGSODVPDíRSWLFDO
HPLVVLRQ VSHFWURVFRS\ ,&3í2(6 RU LQGXFWLYHO\ FRXSOHG SODVPDíPDVV HPLVVLRQ VSHFWURVFRS\ ,&3í06
GHSHQGLQJXSRQGHWHFWLRQOLPLWVZDVDSSOLHG)RU7,&DQDO\VHVDQDOLTXRWLVWUHDWHGZLWKDFLGDQGWKHJHQHUDWHG
&2ZDVPHDVXUHGE\LQIUDUHG,57KH&OFRQWHQWRIDVKHVZDVPHDVXUHGE\LRQFKURPDWRJUDSK\DIWHUHOXWLRQIRU
KZLWKGHLRQL]HGZDWHU
 
2.3 Batch pyrolysis tests 

3\URO\VLV UXQVZHUHSHUIRUPHGDW D WHPSHUDWXUHRIDQG& IRUHDFK VDPSOH 7DEOH7KHFRUHRI WKH
UHDFWRUXVHG LQ WKH H[SHULPHQWDO WHVWV DQGNLQGO\ VXSSOLHGE\%LRHQHUJ\ DQG*UD] $XVWULD8QLYHUVLW\ RI
7HFKQRORJ\ LQ WKHIUDPHZRUNRI WKH%5,6.(8SURMHFW LVDF\OLQGULFDO UHWRUW KHLJKWFP LQQHUGLDPHWHU
FPZKLFKLVKHDWHGHOHFWULFDOO\DQGFRQWUROOHGE\WZRVHSDUDWHGSURSRUWLRQDOLQWHJUDOGHULYDWLYH3,'FRQWUROOHUV
7KHIXHO LVSXW LQDF\OLQGULFDOVDPSOHKROGHURIPPKHLJKWDQGPPLQQHUGLDPHWHU7KHUHDFWRUXVHGKDV
EHHQHVSHFLDOO\GHYHORSHG IRU WKH LQYHVWLJDWLRQRI IXHOGHFRPSRVLWLRQXQGHU IL[HGEHGFRQGLWLRQV ,W FRQVLVWVRID
F\OLQGULFDO UHWRUW KHLJKW  PP LQQHU GLDPHWHU  PP ZKLFK LV KHDWHG HOHFWULFDOO\ E\ WZR VHSDUDWHG 3,'
FRQWUROOHUV)LJ7KHIXHOWRJGHSHQGLQJRQWKHIXHOGHQVLW\LVSXWLQDF\OLQGULFDOKROGHUPHDVXULQJ
PPLQKHLJKWDQGPPLQLQQHUGLDPHWHU%RWKSDUWVDUHPDGHRIILEUHUHLQIRUFHG6L&FHUDPLFV$LUDVZHOO
DVGLIIHUHQWJDVPL[WXUHVFDQEHDSSOLHGDVUHDFWLRQPHGLD:LWKWKLVVHWXSLWLVSRVVLEOHWRFRQWLQXRXVO\PHDVXUHWKH
PDVVUHGXFWLRQRIWKHVDPSOHGXULQJWKHS\URO\VLVFRPEXVWLRQSURFHVV7KHVDPSOHLVLQWURGXFHGLQWRWKHSUHKHDWHG
UHDFWRUDQGWKHUHIRUHUDSLGKHDWLQJFRPSDUDEOHZLWKWKHRQHLQUHDOWKHUPDOFRQYHUVLRQSURFHVVHVFDQEHDFKLHYHG
7KH VDPSOH KROGHU LV HTXLSSHGZLWK ILYH WKHUPRFRXSOHV WRPRQLWRU WKH IXHO EHG WHPSHUDWXUHVGXULQJ WKH WHVW UXQ
)LJ

)LJ3RVLWLRQRIWKHUPRFRXSOHVLQELRPDVVEHG
7KHPDWHULDORIWKHUHDFWRUZDOODQGWKHVDPSOHKROGHULVVLOLFRQFDUELGH7KHVDPSOHKROGHUDQGWKHVDPSOHDUH
SODFHGRQWKHSODWHRIDVFDOH7KHVFDOHLVPHFKDQLFDOO\VHSDUDWHGIURPWKHUHWRUWE\DOLTXLGVHDOLQJDQGLVXVHGWR
GHWHUPLQHWKHZHLJKWORVVRIWKHVDPSOHRYHUWKHWHVWUXQSHULRG7RHQDEOHDQLQHUWJDVDWPRVSKHUHDQGDYRLGWKH
SUHVHQFHRI R[\JHQ LQVLGH WKH UHDFWRU D IORZRIQLWURJHQ LV DSSOLHG)OXH JDV VDPSOHV DUH H[WUDFWHG IURP WKHJDV
YROXPH DERYH WKH IXHO EHG SDUWO\ WUHDWHG UHVSHFWLYHO\ FRQGLWLRQHG GLOXWLRQ DQG WHPSHUDWXUH VWDELOL]DWLRQ DQG
LQWURGXFHG LQWR WKH JDV DQDO\VLV V\VWHPV XVHG LQ WKLV VWXG\ L )RXULHU WUDQVIRUP LQIUDUHG VSHFWURVFRS\ )7,5
$QV\FR WRPHDVXUH&2+2&2&+121++&11212 OLJKWK\GURFDUERQVDQG OLJKWFRQGHQVDEOH
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VSHFLHVLL(PHUVRQ1*$ZLWKSDUDPDJQHWLFEDVHGPHDVXUHRI2QRGLVSHUVLYHLQIUDUHGDQDO\VLV1',5RI
&2DQG&2DQGKHDWFRQGXFWLYLW\VHQVRUIRU+7KHEDVLFLGHDZDVWRGHYHORSGHVLJQDQGFRQVWUXFWDODEVFDOH
EDWFKUHDFWRUZKLFKLVFDSDEOHIRUWKHVLPXODWLRQRIWKHIXHOGHFRPSRVLWLRQEHKDYLRULQUHDOVFDOHIL[HGEHGWKHUPDO
ELRPDVV FRQYHUVLRQ V\VWHPV 7KHUHIRUH WKH IROORZLQJ FRQVWUDLQWV ZHUH JLYHQ L UHDVRQDEOH VDPSOH LQWDNH WR
FRQVLGHUVHFRQGDU\UHDFWLRQVLQWKHIXHOEHGDSSURSULDWHO\LLKLJKKHDWLQJUDWHVRIWKHIXHOFRPSDUDEOHWRUHDOVFDOH
JUDWH IXUQDFHV LLL LQHUW UHDFWRU PDWHULDO WR DYRLG UHDFWLRQV RI WKH JDVHV ZLWK WKH UHDFWRU LY KLJK IOH[LELOLW\
UHJDUGLQJDQDO\WLFDOHTXLSPHQWFRQQHFWHGZLWKWKHUHDFWRUDQGYRQOLQHUHFRUGLQJRIUHOHYDQWRSHUDWLRQGDWDDQG
HPLVVLRQVDVZHOODVWKHPDVVORVV7KHWHVWLQJSURWRFROZDVGHILQHGDVIROORZVL%HIRUHWKHWHVWUXQWKHIXHOLV
SUHGULHG WRZWZHWEDVLV ZEPRLVWXUHFRQWHQWDQGD VXEVDPSOHRI WKH IXHO LV IRUZDUGHG WRZHWFKHPLFDO
DQDO\VHVLL7KHIXHOLVILOOHGLQWRWKHVDPSOHKROGHUDQGOLJKWO\FRPSUHVVHGWRJDLQDSDFNHGEHGZLWKDUHDOLVWLF
GHQVLW\ LLL7KHQ WKHUHDFWRU LVSUHKHDWHGDSSO\LQJDQG&DVSUHVHWWLQJV IRU WKHXSSHUDQG ORZHU
KHDWLQJHOHPHQW7KHVHVHWWLQJVDUHNHSWFRQVWDQWGXULQJWKHZKROHWHVWUXQLY7KHUHXSRQWKHVDPSOHKROGHUZLWK
WKH IXHO LV LQWURGXFHG LQWR WKH UHDFWRU DQG WKH LQHUWJDV IORZ WKURXJK WKHJUDWH DQG WKH IXHOEHG LV DFWLYDWHG$OO
H[SHULPHQWVGRFXPHQWHG LQ WKLVSDSHUKDYHEHHQSHUIRUPHGZLWK1DV WKH LQHUW DJHQW DW DJDV IORZRI DURXQG
/1PLQ Y$OOSDUDPHWHUVPHQWLRQHGDERYHDUHFRQWLQXRXVO\ UHFRUGHG LQD V LQWHUYDORYHU WKHZKROH WHVW UXQ
ZKLFKXVXDOO\ODVWVEHWZHHQDQGPLQGHSHQGLQJXSRQWKHIXHOPDVVDSSOLHGYL$WWKHHQGRIWKHWHVWUXQ
ILUVW WKH UHVLGXHV ELRFKDU DUH YLVXDOO\ HYDOXDWHG DQG WKHQ UHPRYHG DQG IRUZDUGHG WR FKHPLFDO DQDO\VHV 7KH
VFKHPDWLFUHVXPHRIWKHH[SHULPHQWDOVHWXSLVJLYHQLQ)LJ


)LJ6FKHPHRIWKHODEVFDOHUHDFWRUVHWXSXVHGIRUS\URO\VLVWHVWUXQV
7DEOH6DPSOHFRGHVWRHDFKWHVWV
7HVW1R 6DPSOHQDPHVKRUW 6DPSOHQDPHORQJ 7HPSHUDWXUHRIS\URO\VLV&

6)+ 6XQIORZHUKXVNSHOOHW

 

*9 *UDSHYLQHSHOOHW

 
5HVXOWVDQGGLVFXVVLRQV
3.1 Biochar analysis  

7KHUHDFWRUWHPSHUDWXUHKDGDVLJQLILFDQWHIIHFWRQELRFKDU¶VSK\VLFRFKHPLFDOSURSHUWLHV7DEOH7KH\LHOGRI
ELRFKDUGHFUHDVHG DVS\URO\VLV WHPSHUDWXUH LQFUHDVHGEHFDXVH WKH DPRXQWRIYRODWLOHPDWWHU ULVHV D ORZYDOXHRI
\LHOG ORZHURUVOLJKWO\DERYHRFFXUUHGDW&DQG&DJUHHLQJZLWK WKHREVHUYDWLRQRI%UHZHUHW DO
7KHGDWDVKRZHGWKDWLQELRFKDUS\URO\]HGDW&FDUERQFRQWHQWZDVDERXWK\GURJHQFRQWHQWMXVW
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RYHUR[\JHQFRQWHQWUDQJLQJIURPWRQLWURJHQDERXWDQGWKHVXOIXUFRQWHQWFRXOGEHFRQVLGHUHG
QHJOLJLEOH VLPLODU WR WKH UHVXOWV REWDLQHG IURP.ZDSLQVNL %\UQH .U\DFKNR:ROIUDP $GOH\	 /HDK\ 
,QFUHDVLQJELRFKDUSURGXFWLRQWHPSHUDWXUHFRUUHVSRQGHGWRDQLQFUHDVHRYHULQFDUERQDQGDGHFUHDVHRIDERXW
LQR[\JHQDQGLQK\GURJHQPRUHVLJQLILFDQWGDWDZHUHREVHUYHGLQRWKHUVWXGLHVDWKLJKHUWHPSHUDWXUH$
IXUWKHU FRPSDULVRQ ZLWK RULJLQDO IHHGVWRFN ELRFKDU H[KLELW HQKDQFHG FDUERQ FRQFHQWUDWLRQV LQ FRPSDULVRQ ZLWK
RULJLQDO ELRPDVV VDPSOHV 7KH DVK FRQWHQW PRGHUDWHO\ LQFUHDVHV ZLWK LQFUHDVLQJ WHPSHUDWXUH DQG LW ZDV D OLWWOH
KLJKHU LQ 6)+ WKDQ *9 IHHGVWRFN 7KH FRQWHQW RI PLQRUV FKHPLFDO HOHPHQWV ZDV HYDOXDWHG IRU HDFK IHHGVWRFN
VDPSOHVXQIORZHUKXVNSHOOHW6)+DQGJUDSHYLQHSHOOHW*9DVZHOODVIRUWKHFRUUHVSRQGLQJELRFKDUVREWDLQHG
7DEOH  $Q LQFUHDVH RI FRQFHQWUDWLRQ RI DOO WKH HOHPHQWV RFFXUUHG DIWHU S\URO\VLV /HKPDQQ  ,W FDQ
REVHUYHGWKDWGLHS\URO\VLVSURFHVVVWURQJO\LQIOXHQFHVDOVRWKHFRQFHQWUDWLRQVRISRWHQWLDOO\IHUWLOL]HUHOHPHQWVWRR
HJ SKRVSKRUXV SRWDVVLXP HWF DQG D VXEVWDQWLDO LQFUHDVH RI WKHP FRXOG EH REVHUYHG LQ 6)+ SRWDVVLXP
FRQFHQWUDWLRQLQFUHDVHGIURPWRPJNJDQGLQ*9IURPWRPJNJ7KHSKRVSKRUXVFRQWHQW
DOVRURVHXSIURPWRPJNJE\6)+DQGIURPWRPJNJ,QFDVHRI*97KHVHUHVXOWVVXJJHVW
WKDWELRFKDUFRXOGEHDSSOLHGLQGLYLGXDOO\DVDFRQYHQWLRQDOIHUWLOL]HUDSSOLFDWLRQVRUEOHQGHGZLWKFRPSRVWLQRUGHU
WRLPSURYHWKHJURZWKRISODQWVDQGLQFUHDVHWKH\LHOGRIFURSV7KHUDZPDWHULDODQGWKHUHODWHGS\URO\]HGSURGXFW
DUHVKRZQLQ)LJ


)LJ3LFWXUHVRIIHHGVWRFNLQYHVWLJDWHGLQWKHEDWFKUHDFWRU*9VDPSOHEHIRUHDDQGDIWHUEDQG6)+EHIRUHFDQGDIWHUGWKHWHVWUXQV
3.2 Thermogravimetric analyses 
,Q)LJ DE LW FDQEHREVHUYHG WKDW WKHPDVV ORVVRI*9DQG6)+ LQFUHDVHGZLWK WKH LQFUHDVHRIS\URO\VLV
WHPSHUDWXUH $W WKH EHJLQQLQJ PDLQO\ GU\LQJ WRNH SODFH LQGLFDWHG E\ D PRGHUDWH PDVV ORVV ORZ IXHO EHG
WHPSHUDWXUHV)LJDQGWKHUHOHDVHRIZDWHU$IWHUDERXWVIXHOGHFRPSRVLWLRQVWDUWHGLQGLFDWHGE\LQFUHDVH
RI&2 FRQFHQWUDWLRQV LQ WKH IOXHJDV7KH UHOHDVHRIYRODWLOHV DQGSDUDOOHO FKDUFRDO JDVLILFDWLRQ WRNHSODFH XQWLO
DURXQGVRIWKHWHVWUXQGXUDWLRQ'LDJUDPVVKRZWKDW*9DQG6)+KDGWKHVDPHPDVVUHGXFWLRQWUHQGERWKDW
& DQG & EHFDXVH WKH ELRPDVV PDWHULDO ZDV W\SLFDOO\ FRPSRVHG RI FHOOXORVH KHPLFHOOXORVH DQG OLJQLQ
/LWHUDWXUH UHSRUWV WKDWKHPLFHOOXORVHEHJDQ WR WKHUPDOO\GHFRPSRVH DW&DQG WKHSURFHVVJRRQXQWLO &
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FHOOXORVH GHJUDGDWLRQ RFFXUV EHWZHHQ & DQG & DQG OLJQLQ GHJUDGDWLRQ WDNH SODFH DW & ± &
$Q\ZD\WKHPDVVIROORZHGDVWHDG\WUHQGGHFUHDVHXQWLODERXWVRQHDFKWHVWUXQV$WWKLVWLPHRIWKHWHVWDOVR
WKHVWDELOL]DWLRQRIWKHWKHUPRFRXSOHVWHPSHUDWXUHRFFXUUHG)LJ7KHGXUDWLRQRIWKHWZRPDLQUHDFWLRQSKDVHV
WKHUHOHDVHRIYRODWLOHVDQGFKDUFRDOS\URO\VLVDQGWKHFKDUFRDOFRPEXVWLRQJHQHUDOO\LQFUHDVHZLWKDQLQFUHDVLQJ
IXHOVDPSOHPDVV
7DEOH3K\VLFRFKHPLFDOSURSHUWLHVRIELRFKDU
)HHGVWRFN 7HPSHUDWXUH& 'XUDWLRQV <LHOG $VKFRQWHQW & + 2 1 6
*9         
6)+         
*9         
6)+         

7DEOH&KHPLFDOFRPSRVLWLRQRIELRPDVVDQGFRUUHVSRQGLQJELRFKDUVDPSOHVLQYHVWLJDWHGPJNJGU\EDVLV7,&WRWDOLQRUJDQLFFDUERQ
3DUDPHWHU XQLW 6)+ *9
SHOOHW ELRFKDU SHOOHW ELRFKDU
&O PJNJGE    
&D PJNJGE    
6L PJNJGE    
. PJNJGE    
0J PJNJGE    
3 PJNJGE    
1D PJNJGE    
=Q PJNJGE    
3E PJNJGE    
$O PJNJGE    
)H PJNJGE    
0Q PJNJGE    
&X PJNJGE    
&G PJNJGE    
7,& PJNJGE    
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F

G
)LJ7KHUPRJUDYLPHWULFDQDO\VHVXQGHUGLIIHUHQWWHPSHUDWXUHV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D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E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